In this study, we present a successful simple method for printing and finishing of polyester and cotton fabrics using gold and silver nanoparticles (Au-NPs and Ag-NPs, respectively) as stable, fast colorants and functional components. The surface plasmon resonance (SPR) bands of the colloidal gold and silver NPs were observed at l max 520 nm and 450 nm, respectively, indicating the presence of spherical Au-NPs and Ag-NPs, which was further confirmed by TEM analysis. The printed samples were subjected to SEM, XRD and EDX analyses. The SEM images and EDX spectra unequivocally confirmed the existence of embedded NPs on the fabric surfaces. Both the cotton and polyester samples possessed excellent color fastness, as indicated from the color fastness test. The functional properties of the printed fabrics indicated that the incorporation of Au-NPs and Ag-NPs into the fabrics simultaneously imparted multifunctional properties such as stable brilliant colors, highly durable antimicrobial activity and very good UV-protection properties.
Introduction
Textile printing is the most versatile and important method used to introduce color and design in textile fabrics. It is also known as localized application of dye or pigment in a thickened form to a substrate to create an attractive design with welldened boundaries. In the textile industry, screen-printing is the most frequently applied method for textile prints, and it accounts for nearly 50% of the printing production worldwide. The main factors for its widespread use are the quality of the prints, applicability to almost every type of ber or mixture, ability to withstand any washing processes aer xation, its simplicity, low cost, and minimum requirements for wet-processing.
1,2 However, the synthetic dyes or pigments and their auxiliaries used in the printing process may be toxic and produce harmful effects on humans and the environment. In addition, several synthetic and natural dyes have low durability to washing and UV light, leading to color fading. 3 On the other hand, textile functionalization with noble metal (gold and silver) nanoparticles (NPs) has increased in recent years. Many attempts have been made to investigate different methods for their preparation [4] [5] [6] [7] [8] [9] [10] and to enhance the functions of the textiles such as ame retarding ability, hydrophobicity, self-cleaning, and resistance to wrinkles as well as antistatic, antimicrobial and UV-protective properties. [11] [12] [13] In addition, these NPs are endowed with unique localized surface plasmon resonance properties (SPR) and thus exhibit brilliant and different colors. With such excellent properties, novel shades of elegant hues and excellent multifunctional activities on different textile materials have been achieved. 14, 15 Nevertheless, many dyes are not stable under irradiation of sunlight and have low resistance to washing and rubbing, causing color fading. Metal NPs are different from traditional dyes: it is not the chromophore of traditional dyes but the shape and size of NPs that dene the colors. This property makes all the colors stable towards UV light, and they do not change provided that there is no change in the particle size through the growth or reduction of discrete nanoparticles or agglomeration. 16, 17 According to the previous literatures, most printing methods are based on the utilization of pigments or dyes as colorants incorporated with metal NPs as nishing agents to produce multifunctional printed textiles.
18-21 However, these methods consume a lot of chemicals, time, and energy.
Recently, several attempts have been carried out to use gold and silver NPs to dye fabrics with colors and simultaneously implement functionality to the dyed fabric, e.g., antibacterial activity 22, 23 and/or UV-protection. 24 Based on the literature, the incorporation of gold and silver NPs into fabric or ber materials is applied using three different procedures: impregnation of fabrics in the prepared metal NP colloidal solution, polymer-NP composites followed by a spinning process to form colored bers.
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To the best of our knowledge, textile printing with metal nanoparticles as a colorant has not been reported to date. Therefore, the main task of this study is to investigate a novel, simple, one-step, green approach for printing natural and synthetic fabrics, namely, cotton and polyester fabrics using gold and silver NPs as stable and fast colorants. This is an environmentally friendly solution for the current harmful printing, coloration and nishing processes.
Experimental

Materials
Scoured and bleached plain weave polyester (100%, 109 g m À2 ) and mill-scoured, bleached knitted cotton (200 g m À2 ) fabrics were used. Sera® Binder M-CPB liquid (acrylate-based copolymer, anionic, Clariant) and Sera® print M-CPK thickener 160 EG liquid (synthetic thickening agent based on ammonium polyacrylate, Clariant) were used.
Chloroauric acid (HAuCl 4 $3H 2 O, Sigma-Aldrich) was purchased from Skyspring Nanomaterials, Inc. USA.
All other chemicals used during this study such as AgNO 3 (Sigma) and tri-sodium citrate Na 3 C 6 H 5 O 7 $2H 2 O (99.5%) were of commercial grade.
Methods
Preparation of gold nanoparticles (Au-NPs
). Au-NPs were prepared by adding 5 ml of 5 mM of gold(III) chloride hydrate, HAuCl 4 (2 mg ml À1 ), to 85 ml of ltered deionized water, which was then reuxed in a 250 ml ask over a hot plate and heated to boiling point. Five milliliters of 25 mM sodium citrate solution was quickly added to the boiling solution and stirred for 30 min until the color became wine-red. 34 2.2.2. Preparation of silver nanoparticles (Ag-NPs) 2.2.2.1. Preparation of extract. Pluchea dioscoridis leaves were collected from Damietta, Egypt. The leaves were cleaned well and washed using tap water followed by distilled water. The clean leaves were dried for a week at room temperature and then was ground to powder form. Five g of the leaf powder was introduced into boiling distilled water (200 ml) in an appropriate ask for 5 min. Then, the mixture was ltered, and the ltrate was stored at 40 C for further use.
Synthesis of silver nanoparticles (Ag-NPs).
Various volumes (1 and 12 ml) of Pluchea dioscoridis extracts (Pd) were placed in 100 mL Erlenmeyer asks. Then, 45 ml AgNO 3 with different concentrations (1-5 mM) was titrated drop by drop in each ask for 10 min. The formation of Ag-NPs was conrmed by the change in colour from colorless to reddish-brown. 35 2.2.3. Printing paste method. The formulation for aqueous printing using the at screen technique is shown in Table 1 Printed fabric samples were then simultaneously dried and xed in a high temperature steamer at 150 C for 4 min followed by washing using 2 g l À1 non-ionic detergent at a liquor ratio of 1 : 50 at 60 C for 10 min.
Characterization
2.3.1. TEM analysis. Transmission electron microscopy (TEM) analysis of the cell-free extract was used to determine the size and morphology of the synthesized nanoparticles using a JOEL model 1200EX election microscope operated at an accelerating voltage of 120 kV. The specimen for TEM measurement was prepared by dissolving a drop of colloidal solution on a 400-mesh copper grid coated with an amorphous carbon lm and evaporating the solvent in air at room temperature.
2.3.2. UV-vis spectroscopy. UV-vis spectroscopy on Shimadzu UV-2450 was used to qualitatively conrm the presence of Au-NPs and Ag-NPs in the reaction medium. The reaction solutions exhibited intense absorption peaks due to surface plasmon resonance (SPR).
2.3.3. SEM and EDX analysis. Scanning electron microscopy (SEM) images and EDX analysis of the printed metal NP samples were obtained using JEOL JSM-6510LB Japan-Tokyo.
X-ray diffraction (XRD).
The crystalline natures of the prepared NPs and printed samples were determined using an Xray diffractometer (XRD) (Bruker D8 ADVANCE, Karlsruhe, Germany). 2.5.2. UV-protection properties. UV-protection functionality, expressed as UV-protection factor (UPF), was evaluated according to AS/NZS 4399 : 1996, and protection was rated as good, very good or excellent if the UPF values ranged from 15 to 24, 25 to 39, or above 40, respectively.
Results and discussion
The main task of the current study is to obtain a facile novel one step green procedure for printing cotton and polyester fabrics using colloidal gold (Au-NPs) and silver (Ag-NPs) as stable and fast colorants to attain multifunctional prints based on nanomaterials. The results obtained and the appropriate discussions are presented below.
3.1. Characterization of the synthesized nanoparticles 3.1.1. TEM analysis. The morphology, shape, and size of the synthesized Au-NPs and Ag-NPs were characterized using transmission electron microscopy. Fig. 1 shows the TEM images of Au-NPs and Ag-NPs. The size of the NPs was determined by measuring the diameter of the entire particle in the TEM images. As depicted from Fig. 1a , the average diameter of the gold NPs was found to range between 13 and 20 nm in a monodispersed state due to the negative charge of the citrate ions, which repel each other. 36 Moreover, the TEM image demonstrates the spherical shape of the synthesized Au-NPs. Fig. 1b presents the TEM image of the synthesized Ag-NPs. It was clear that the particles exhibited a spherical-like shape and were uniformly distributed and well dispersed. The average size of the prepared Ag-NPs was in the range of 15-25 nm, which indicated sufficient homogeneity and well dispersion of the silver particles. Ag-NPs were observed to be sufficiently close to each other, which attributed to the lack of reducing or stabilizing agent in the solution.
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The size of numerous particles were measured using the TEM images, and histograms providing different size distributions of the well-dispersed suspensions of Au and Ag NPs were given in Fig. 1c and d , respectively. The width of the Au-NP bins was 3 nm, as illustrated in Fig. 1c , and they were centered at 12, 15, 18 and 21 nm. Au-NPs around 18 nm in size exhibited the highest percentage value (47.79%) in comparison with other AuNPs present in the colloid. From Fig. 1d , for Ag-NPs, the bins of the histogram were 5 nm wide, and they were centered at 5, 10, 15, 20 and 25 nm. The majority of particles (30-33%) were located at around 5 nm, which may be the main reason for the high antimicrobial activity of Ag-NPs.
3.1.2. UV-vis spectroscopy. UV-vis spectroscopy is one of the most common techniques used to verify the formation and stability of metal NPs in aqueous solutions. Gold and silver NPs have been reported to exhibit different colors in aqueous solutions, depending on their size and intensity in relation to their SPR. 38 The synthesis of stable Au-NPs was conducted through a reduction process using sodium citrate as the reductant and stabilizer. The interest in this synthetic process is due to the resultant versatile citrate layer on the Au-NP surface, which allowed easy multifunctionalization of the obtained particles.
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Fig . 2a shows the UV-vis spectrum of the synthesized Au-NPs, and a maximum absorbance peak of the colloidal Au-NPs occurred at about 520 nm. Generally, Au-NPs displayed a single absorption peak in the visible range between 510 and 550 nm due to its SPR and exhibited heavy absorption of visible light at 520 nm. This was resulted in a brilliant wine-red color for the gold NPs, which varied according to its size and shape. Alaqad et al. 40 also observed the absorbance spectrum of Au-NPs at around 520 nm, whereas HAuCl 4 did not exhibit any absorbance at the same wavelength. Fig. 2b shows the UV-vis spectrum of the synthesized Ag-NPs; it can be claried that due to the yellowish color of the colloidal Ag-NPs, the maximum absorption peak was at about 450 nm, which was specic to SPR of spherical Ag-NPs. 37 This result conrmed the proposed formation according to transmission electron microscopy (TEM). Both the UV-vis absorption (Fig. 2b) and TEM (Fig. 1b) results veried that the yellow color of the colloidal Ag-NPs was a result of the presence of spherical AgNPs.
The observed broad peak illustrates that the synthesized AgNPs were different in size and shape, which was in agreement with the TEM analysis (Fig. 1b) . Krishnaraj et al. 41 reported that a single SPR band indicates spherical nanoparticles, whereas two or more SPR bands indicate anisotropic particles. Furthermore, it was observed that another strong UV absorption peak appeared at about 350 nm, which may be due to the residual plant extract used in the synthesis of Ag-NPs or trace iron impurities, which appeared in the ppm level. Fig. 3 shows the SEM images of the polyester and cotton fabrics printed with Au-NPs and AgNPs. It is clear that there is a change in their surface morphology with the deposition of NPs onto their surfaces. Furthermore, the EDX spectra conrmed the existence of metal nanoparticles (Au-NPs and Ag-NPs) on the fabric surfaces. Therefore, the results indicated that Ag-NPs and Au-NPs were successfully distributed on all the examined printed fabric surfaces.
X-ray diffraction (XRD).
The formation of metal NPs was also conrmed by X-ray diffraction (XRD) analysis. The XRD patterns of the synthesized Au-NPs in Fig. 4 revealed that Au is crystalline with a face-centered cubic (fcc) structure corresponding to clear peaks at 38.25 (111), 44 .46 (200), 64.64 (220), and 77.20 (311), respectively. The obtained results were in good agreement with the data for standard gold in JCPDS le no. 04-0784. On the other hand, the XRD patterns of the synthesized Ag-NPs in Fig. 4 
Color measurements
The color of printed fabrics is of key signicance since it may impact the product demand and consumer inclination. To investigate the color properties of nano-printed fabric surfaces, their colorimetric data were measured for Au-NP-and Ag-NPprinted fabrics using the CIELAB system in terms of L*, a*, and b* to study the effect of gold and silver NPs as new colorants for cotton and polyester fabrics. The color coordinates are listed in Tables 2 and 3 . Aer printing fabrics using colloidal solutions of Au-NPs and Ag-NPs, red-wine and yellow printed polyester and cotton fabrics were obtained with different shades and very good homogeneity, as shown in Fig. 5 . Table 2 shows the colorimetric data for the printed fabrics using Au-NPs and Ag-NPs. At low concentrations of NPs, the colors of the printed cotton and polyester fabrics were light redwine for Au-NPs and light-yellow for Ag-NPs, as shown by the low positive a* and b* values. With an increase in the concentration of Au-NPs, the positive a* value progressively increased giving a reddish tone to the printed fabrics. The color of the Ag- The color strength (K/S) data were measured at the wavelength of 425 nm, which is related to the yellow color of Ag-NPs, whereas the wine-red color of Au-NPs was measured at the wavelength of 520 nm. Fig. 6 shows that increasing the concentration of the synthesized Au-NPs and Ag-NPs resulted in a signicant improvement in the color depth of the obtained metal Au and Ag NP prints expressed as the K/S values. The observed data indicated that the darker yellow and red-wine colors of the printed fabrics were achieved by using higher concentrations of Au-NPs and Ag-NPs. This can be explained by the fact that a high number of spherical NPs were formed in the fabrics under investigation with the use of more concentrated Au-NP and Ag-NP colloidal solutions.
Moreover, the fabrics printed with Au-NPs had a red-wine color, and the fabrics printed with Ag-NPs had a yellow color with different shades [from faint (red-wine/yellow) to dark (redwine/yellow)], but the nature of the color did not change regardless of the concentration of NPs. This may be regarded to the fact that the change in SPR of Au-NPs and Ag-NPs with different shapes and sizes on the polyester and cotton samples led to bright colors of the printed fabrics.
These results support the suggestion that cotton and polyester fabrics can be printed by synthesized silver and gold colloidal NPs as stable and fast colorants, and the color strength (K/S) of these fabrics can be controlled by changing the concentration of synthesized Au-NPs and Ag-NPs.
Fastness properties
The coloration requirements are not limited to imparting color to the fabrics, but the acquired color should withstand the action of certain tests. Thus, different color fastness properties (washing, rubbing and light) of all the printed cotton and polyester fabrics were measured according to standard AATCC Test Methods (61-1972) and , and (16A-1972), respectively, and the results are reported in Table 4 . The results showed that all the printed fabrics exhibited excellent fastness a Values in parentheses indicate K/S aer 10 washing cycles. levels to washing and rubbing and a very good fastness level to light. The obtained results reected the ability of the suggested technique to yield good printed fabrics with excellent fastness properties without the use of any other chemicals (e.g., crosslinkers or coating materials).
Antimicrobial activity
The antimicrobial properties of the Au-NP-and Ag-NP-printed fabrics are shown in Table 5 . The results revealed that the unprinted samples were not affected, and there were no inhibition areas. On the other hand, the cotton samples printed using Ag and Au-NPs as colorants exhibited excellent antimicrobial activities against S. aureus, Bacillus cereus, E. coli and Candida utilis. It is known that nano-materials have strong inhibiting effects towards a broad spectrum of bacteria and yeasts, especially those Ag-NPs displaying good activity against all the indicator pathogens, which shows the potential broad spectrum antimicrobial activity. 45 The remarkable improvement in the antimicrobial functionality is ascribed to the interaction of the negatively charged cell walls of the pathogens with the positively charged cationic sites of the antimicrobial agent, which changes its chemical and physical properties. This action interrupts cell membrane functions and protein activity as well as the ability to multiply. In addition, the silver and gold a Zone of inhibition. Fig. 7 Transmittance spectra of the blank and metal NP-printed fabrics. nanoparticles released silver and gold ions, which produced higher biocidal effect on the microorganisms.
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UV-protection activity
To investigate the UV-protection ability of the blank and polyester and cotton fabrics printed with Au-NPs and Ag-NPs, their UV light transmittance and UPF values were measured, and the results were illustrated in Fig. 7 and 8 . As expected, the blank samples are not good UV lters and a high percentage of UV light can penetrate into the fabric. However, the average transmittance values in the UVA (315-400 nm) and UVB (280-315 nm) regions for the fabrics decreased clearly aer printing the fabrics with Au-NPs and Ag-NPs, which indicated that the gold and silver NPs noticeably improved the UV-blocking abilities of the polyester and cotton samples.
The UPF values of Au-NP-and Ag-NP-printed fabrics exhibit very good UV-protection according to the Australian classica-tion scheme compared with those of blank fabrics, as shown in Fig. 8 . Therefore, these results conrmed the UV reection ability of Au-NPs and Ag-NPs, which can effectively decrease aging and reduce human skin damage caused by harmful UVradiation.
Durability to washing
The results illustrated in Table 6 reveal that the retention of the imparted functional properties, i.e., antimicrobial and UVprotection together with the fastness properties as well as the color strength (K/S) of the obtained metal NPs prints was still high even aer 10 washing cycles. This means that the metal NPs (Au-NPs and Ag-NPs) were still tightly loaded and xed onto the simultaneously printed and nished fabric surfaces.
Conclusion
A facile and feasible strategy was devised to produce colorful and multifunctional printed polyester and cotton fabrics using synthesized NPs. This method featured the novelty of employing gold and silver NPs as eco-friendly stable colorants and functional components in a one-step process for printing and functional nishing of polyester and cotton fabrics. The results of the UV-visible, TEM, SEM and XRD measurements conrmed the successful synthesis and uniform distribution of spherical Au-NPs and Ag-NPs on polyester and cotton fabrics. The brilliant colored appearance, excellent color fastness properties, highly durable antibacterial activity and very good UV-protective properties of the nano-printed fabrics indicated their ability to produce good printed/nished fabrics in a one-step process without using traditional dyes or auxiliary chemicals.
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